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Chapter 1 
INTRODUCTI ON 
The recent United States energy shortage has led to an 
increased emphasis on developing new sources of energy. One 
so urce, coal, appears to be both available and reasonably eco-
nomical for use in producing synthetic liquid fuels and gas 
as well as electricity. 
Approximately 4 6  percent of the nation ' s  estimated re­
maining coal resources (January 1, 1972) lie in the Northern 
Great Plains Region of Montana, Wyoming, North and South 
Dakota.I In 1968, the estimated remaining recoverable coal 
reserves in Northeastern Wyoming alone totaled some 66, 624 
million tons, 86 percent of which lay in Campbell County.2 
This report focuses upon the impact, particularly water re­
quirements, of coal development in the maj or po!tion of 
Northeastern Wyoming. The area under consideration includes 
Sheridan, Johnson, Campbell, and Crook Counties (see Figure 1) . 
PROJECTIONS OF WATER REQUIREMENTS 
A maj or problem associated with industrial development 
in Wyoming involves the large amounts of water required. As 
lRapid City Journal, May S, 19 74, Section I, p. 1. 
2wyomina State Engineer ' s  Office, W�t�r �nd Related 
Land Resources
b
of Nor theast ern Wyoming, Wyoming Water Planning· 
Report No. 10 (Cheyenne, Wyom ing, 1972), p. 112. 
1 
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N 
indicated in Tables 1 and 2, industry (primarily coal) water 
requirements are projected at 79, 000 acre�feet by 1980 and 
40, 000 acre-feet by 2000� Campbell County is projected to 
requir e the most water due to its recoverable �oal potential 
and the expectation that many of the coal�using plants will 
be located in it, The en�ire four-county area, particularly 
Campbell County, presently does not have enough water avail­
able to support these requirements. 
PRESENT USE OF WATER 
3 
Agriculture in the four-county area is consuming approx­
imately 150, 000 acre-feet of water per year for irrigation (see 
Table 9, page 20 for a br eakdown by river basin) . 3. The annual 
average unused and unappropriated water supply for the area is 
approximately 160, 000 acr e - feet; 95, 000 ac�e-feet are from the 
Tongue River, and 65, 000 from the Powder River �asin, which 
includes Crazy Woman and Clear Creeks . 4 
WATER DIVERSION PROPOSALS 
Studies have been made on the feasibility and cost of 
diverting water both within and to Northeastern Wyoming. Esti­
mates -for diver ting water from the Powder River, including 
Crazy Woman and Clear Creeks, to the Gillette (Campbell County) 
area range from an annual water supply of 251000 to 53, 000 
3 Ibid., p. 111. 
4rbid., pp. 15s-1s1J 
Table 1 
Proj ected Growth of the Coal 
Industry in Northeastern 
Wyoming 
. . : : : : : : : · : : . 
196 7 1980. 2000 2020 
Steam Electric Plants 
Number of Plants 
Water Required, 
thousand acre-feet/year 
Synthetic Liquid Fuels Plants 
Number of Plants 
Water Required , 
thousand acre-feet/year 
Synthetic Gas Plants 
· Number of Plants 
Water Required, 
thousand acre-feet/year 
Summary of Water Required, 
thousand acre-feet/year 
Source: 
3 
3 
3 
5 11 19 
3 3  123 24 3 
1 3 7 
29 45 105 
4 8 
60 120 
62 228 468 
4 
Wyoming State Engineer ' s  O�fice, Water and Related . 
Land Resources of Northeastern W om1n , Wyoming_ Water· Planning 
�eport No. 10 C eyenne, Wyom�ng, 1972), p, 102. 
Table 2 
Northeastern Wyoming Industrial 
Water Proj ections 
Coal Industry 
Campbell County 
Johnson County 
Sheridan County 
Weston County 
Total 
Petroleum Industry 
Uranium Industry 
Total Requirements 
Source: 
. . . . . . . . . . . . . . 
1967 1980 2000 2020 
. (T.�o.u_s_and_ .J\c_r_e_ ... _F ee_t _ _  Per _Ye_ar) 
1 . 60 151 256 
0 0 45 135 
1 1 31 76 
1 1 1 1 
3 62 228 468 
18 14.5 7 7 
0 2 . 5 5 2 
21 79 . 240 477 
5 
Wyoming Stat e Engineer ' s  Office, Water· and Related 
Land Resources of Nort heastern Wyoming, Wyom ing Water Plann ing 
Report No. 1 0  (Cheyenne, Wyoming, 197i), p. 127. 
6 
acre-feet, with dam construction costs of 6 to 5 9  m illion dol-
lars. The annual water costs per acre-foot for delivery from 
the reservo irs to G illette range from 76 to 9 9  dollars. Pre ­
sumably the water would be taken from the unused and unappro ­
priated water supply.5 
Estimates for d iverting water from the Tongue R iver for 
industr ial use in Sheridan County range from an annual water 
supply of 38, 000 to 88, 000 acre-feet, w ith dam construction 
costs of 11 to 30 million dollars. The annual water costs 
per acre - foot at the reservoirs range from 10 to 48 dollars. 
Aga in, presumably the water would be taken from the unused 
and unappropr iated water supply.6 
Proposals to divert water from Montana (the B i ghorn 
River) and Southwest Wyoming (the Green R iver) to G illette 
would supply from 135, 000 to 23 9, 000 acre-feet of water per 
year. Dam construction costs range from 240 to 334 m illion 
dollars. The annual water costs per acre-foot for del ivery 
to Gillette range from 108 to 13 2 dollars.7 
ALTERNATIVE WATER DIVERSION P ROPOSAL 
One alternat ive for supplying Northeastern Wyoming with 
enough water to meet its industrial requirements is that of 
d iverti ng water within the area from agr i culture to i ndustry 
.on the basis of equal marginal costs of d iversion, The 
, 51bid. , . pp� 157..-.i60� 
7 Ibid., pp. 171-175. 
&Ibid , � pp. 151-156. 
purpose of this paper is to preserit the opportunity costs of 
diverting water from agriculture to industry� 
7 
Chapter 2 
DATA PREPARATION 
STUDY AREAS 
As indicated by F�gure 1, the portion of Northeastern 
Wyoming studied in this paper includes Sheridan, Johnson, 
Campbell and Crook Counties . The land in these counties was 
divided into river basins for the purpose of estimating the 
opportunity costs of water diversion from agriculture. To 
facilitate further discussion of the river basins, the study 
areas which are referenced throughout· the remainder of this 
paper include those basins listed below: 
Study Area 1: Belle Fourche River Basin 
Little Powder River Basin 
Little Missouri River Basin 
Study Area 2: Tongue River Basin 
Study Area 3 :  Powder River Basin 
Crazy Woman Creek Basin 
Clear Creek Basin 
CROP AND PASTURE DIS TRIBUTION 
IN STUDY AREAS 
Table 3 summari zes the normal irrigated crop and pas­
ture distribution in the study areas . The distribution was 
8 
Table 3 · 
Summary· of Normal Irrigated Crop 
and Pasture Distribution 
in Study Areas 
. . . ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . . . 
Crop 
Alfalfa 
Hay 
·Oats 
Barley 
Sugar Beets 
Pasture 
TOTAL 
Sourc e : 
. .. . , .. ,• .. .. , . .. ·' .. .. . .. .. .. •' .. .. .. -· .. .. .. .. .. .. . . . . . . .  
Derived from Tables 4 and 5. 
Acres 
5 8 , 012 
1 9, 731 
7, 045 
2 '494 
3 8 5  
3 8 , 058 
125, 725 
9 
10 
determined by subtracting th� Ch�yenne River Basin irrigated 
acreage (found in Table 4) from the irrigated crop and pasture 
acreages of Northeastern Wyoming (found in Table 5) . The 
Cheyenne River Basin acreage (9, 9 90 acres) was divided by the 
total irrigated acreage ·in Northeastern Wyoming (136, 775 acres) 
to yield the proportion . 073. This proportion was multiplied 
times the crop and pasture acreages in Table 5, and the figures 
resulting from the multiplications were subtracted from the 
appropriate acreages in Table 5 to determine the acreages 
shown in Table 3. For example, the proportion . 073 multi­
plied times 62, 580, the alfalfa irrigated acreage in North­
eastern Wyoming, yields _4 , 568 acres. Subtracting the 4 , 568 
acres from 62, 580 acres yields 58, 012 acres of alfalfa, 
found in Table 3. Corn silage was assigned entirely to the 
Cheyenne River Basin and is excluded from Table 3. 
CROP DISTRIBUTION BY COUNTY 
The 1970 irrigated crop distribution by county, exclud­
ing pasture, is summarized in Table 6. Irrigated crop acre­
ages by county were taken from an agricultural report compiled 
by the Wyoming Crop and Livestock Reporting Service of Chey­
enne. 
1 
· Since the four - county total crop acreages of this 
report differ from those computed using the Wyoming Water 
Planning Program Report, the crop acreages by county from the 
!Wyoming Crop and Livestock Reporting Service, Wyoming 
Agricultural Statistics (Cheyenne, Wyoming, 1 9 7 3) , PP· 96-150. 
Table ·4 
Tabulation of Irrigated 
Land in Northeastern 
Wyoming 
. . . . . . . . . . .  .. "! ·: .. ... � •. . . ., .• .. .. . .. .. . .. .. .. . 
River Basin Acres Irrigated 
Tongue River 58 ,145 
Clear Creek 29, 970 
. Cra zy Woman Creek 1 0, 21 0 
Powder River 16, 195 
Little Powder River 2 , 240 
Little Missouri River 5 , 3 80 
Belle Fourche River 4,595 
Cheyenne River 9,990 
Source: 
TOTAL 136, 725 
11 
Wyoming State Engineer ' s Office. Water and Related 
Land Resources of Northeastern Wyoming, Wyoming Water Planning 
Report No. 10 (Cheyenne, Wyoming, 1972), p. 102. 
Crop 
Alfalfa 
Hay 
·Oats 
Barley 
Table 5 
Summary of Normal Irrigated Crop 
and Pasture Distribution 
Northe��tern Wyoming 
Sugar Beets 
Pasture 
Corn Silage 
TOTAL 
Source: 
12 
Acres 
62, 580 
21, 285 
7, 600 
2, 6 90 
415 
4 1, 055 
1, 100 
136, 725 
Wyoming State Engineer's Office, Water and Related 
Land Resources of Northeastern Wyoming, Wyoming Water Planning 
Report No. 10 (Cheyenne, Wyoming, 1972), p. 10 3. 
Crop 
Alf al fa 
Hay 
Oats 
Barley 
Sugar 
Beets 
County 
Campbell 
Crook 
Johnson 
Sheridan 
TOTAL 
Campbell 
Crook 
Johnson 
Sheridan 
TOTAL 
Crook 
Johnson 
Sheridan 
TOTAL 
Johnson 
Sheridan 
TOTAL 
Johnson 
Sheridan 
TOTAL 
1970 Irrigated Crop 
Distribution By 
County 
. :. :, �· > :. �' ·. > > :. ·. > :. �· > : . -. : : : : : . . . . . . . . . 
Estimated 
Irrigated 
Irrigat ed Acreage Acreage for 
(Agriculture Report) l This Paper 
1, 700 1, 761 
3, 100 3, 211 
22, 000 22, 7 90 
2 9, 200 30, 250 
56, 000 58, 012 
600 561 
1, 400 1, 3 0 9  
6 '  8 00 6,.35 9 
12, 300 11, 502 
21, 110 19, 731 
200 470 
1, 500 3, 522 
1, 300 3, 053 
3, 000 7, 045 
70 0 499 
2, 800 1, 9 95 
3, 500 2, 494 
1 00 74 
420 311 
520 385 
13 
!The crop acreage totals in this report differ from 
those shown in Table 3 and were adjusted to coincide with the 
acreage totals in Table 3. The adjusted figures appear in the 
right-hand column of this table . 
Source: 
Wyoming Crop and Livestock Rep�rting Service, Wyoming 
Agricultural Statistics (Cheyenne, Wyoming, 1 973) , pp . 96 - 150. 
297565 SOUTH DAKOTA �TATE ·Ul\JIVER3iTY LIBRAR� 
�gricultural report were adjusted to fit .the total crop 
acreages i ndicated in·Table .3. · This was accomplished by 
dividing, for each crop, each county's acreage indicated by 
the agriculture report by the four�county acreage total of 
the agriculture report . The proportions obtained were then 
applied to the crop acre�ges for all study areas that are 
shown in Table 3 to determine the estimated acreages shown 
in the righ t - hand column of Table 6. As an example, for 
alfalfa in Campbell County, the acreage supplied by the 
agriculture report (1, 700 acres) divided by the four-county 
acreage total (56, 000 acres) yields the proportion . 03036. 
By multiplyi ng this proportion times 58, 012 acres, which is 
the compu ted total irrigated acres of alfalfa in all s tudy 
areas, the estimated irrigated alfalfa acreage for Campbell 
County is found to be 1, 761 acres. 
CROP AND PASTURE DISTRIBUTION 
BY STUDY AREA 
14 
Table 7 indicates the estimated irrigated crop and 
pasture distribution by study area. · The three river basins 
wh ich comprise Study Area 1 are considered in this paper to 
include. all of Campbell and Crook Counties. The crop distri­
bution for the area is that of the two count i es combined . 
Pasture acreage was.determined by subtracting the estimated 
alfalfa, hay , and oat acreages for Campbell ·and· Crook Counties 
(Table 6) from the total irrigated ac�eage for the three river 
basins _(Table 4) . 
Crop 
Table· 7 
Estimated Irrigated· Crop and 
Pasture Distribution 
By Study Area 
. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • <I •• • .. � " •• • " • • •• • 
· Tr·riga·te'd Acres 
( Includes Pasture) Study Area 1 Study Area 2 
Alfalfa 4,972 26,205 
Hay 1, 870 9,965 
Oats 470 2,643 
Pasture 4,903 17, 335 
Barley 1, 730 
Sugar Beets 267 
TOTAL 12,215 58,145 
Source: 
Derived from Tables 4 and 6. 
15 
Study Area 3 
26, 835 
7, 896 
3,932 
16, 830 
764 
118 
56,375 
1.6 
Study Areas 2 and 3 are considered in this paper to 
include all of Johnson and· Sh�ridan Counties. · Pasture acre­
age for the two are�s c�mbined was determined by subtracting 
the estimated alfalfa, hay , oat, · barley and sugar beet acre­
ages for Johnson and Sh�ridan Counties (Table 6) from the 
total irrigated acreage for the four river basins which com­
prise Study Areas 2 and 3 (Table 4) . Thus, the .pasture acre­
age was estimated to be 34, 165 acres (114, 520 acres minus 
·80, 355 acres) . The pasture acreage was distributed among_ 
Study Areas 2 and 3 in the following manner. The irrigated 
acres in the Tongue River Basin (58 , 145 acres from Table 4) 
divided by the total acreage for the two study areas (114, 520 
acres) yields the proportion .507. This proportion multiplied 
times 34, 165, the estimated pasture acreage� yields the 17, 335 
acres of pasture for the Tongue River Basin in Sttidy Area 2. 
The remaining pasture acreage, or 16, 830 acres, is the £igure 
for Study Area 3. 
Study Area 3 is considered to include all' of Johnson 
County and a small portion of Sheridan County, while Study 
Area 2 includes most of Sheridan . County. Crop distribution 
excluding pasture for the two study areas was estimated by 
determining the irrigated acreage which is both in Sheridan 
County and in Study Area 3. The irrigated acreage in Study 
Area 3 is 56, 375 acres , the total acreage of Clear Creek, 
Crazy Woman Creek, and Powder River Basins in Table 4. Sub­
tracting the pasture acreage in Study Area 3 (16, 830 acres 
17 
computed above) from the 56 , 375 acres leaves 3 9, 545 acres, or 
the acreage excluding pasture ·in the study area. Then by 
subtracting Johnson County estimated crop acreage (33, 244 
acres from Table 6) from the 39, 545 acres , the irrigated 
acreage which is both ·in·Study Area 3 and in Sheri dan County 
is found to be 6, 301 acre5. 
The 6, 3 0 1  acres were subtracted from Study Area 2 
crops and added to S tudy Area 3 crops as illustrated by the 
following example. The estimated alfalfa acreage in Sheridan 
County (3 0, 25 0 acres from Table 6) divided by the total crop 
acreage excluding pasture in Sheridan County (47, 1 11 acres 
from Table 6) yields the. proportion .642. This proportion 
multiplied times the 6, 301 acres yields an estimated 4, 045 
acres of alfalfa that is in Sheridan County but not in Study 
Area 2. The alfalfa acreage in S heridan County of 30, 250 
acres minus the 4, 045 acres leave an estimated 26, 205 acres 
of alfalfa in Study Area 2. Estimated alfalfa acreage in 
Johnson County of 22, 790 acres (Table 6) plus the same 4, 045 
acres increases the total to 26, 835 esti mated acres of alfalfa 
in Study Area 3. 
IRRIGATED LAND BY 
CAPABILITY CLAS S 
A summary of irrigated crop and pasture land by capa­
bil1ty class is shown in Table 8. Crop acreage was div ided 
into classes using the acreage by class to total acreage 
Crop 
studr Area 1 
Alfalfa 
Hay 
Oats 
Pasture 
S tudr Area 2 
Alfalfa 
Hay 
Oats 
Barley 
Sugar Beets 
Pasture 
S tudr Area 3 
Alfalfa 
Hay 
Oats 
Barley 
Sugar Beets 
Pasture 
Source: 
Table· 8 
Summary o f  Irrigated Crop 
and Pasture· Land By 
Capability Class 
.· / .· .· .· : .. . · .· .· .· .· . 
· Acr·e·s· ·Tr·r·iga·ted 
Class 1 & 2 Class 3 & 4 
684 
257 
92 
22,06.5 
8, 391 
2, 318 
1, 517 
234 
11,146 
20,260 
5, 961 
704 
137 
21 
10, 822 
4,288 
1, 613 
378 
3, 677 
4,140 
1, 574 
325 
213 
33 
4, 317 
6, 575 
1, 935 
259 
50 
8 
4, 191 
Class 6 
1,226 
1, 872 
2, 969 
577 
8 9  
1,817 
Total 
4, 972 
1, 870 
470 
4, 903 
26,205 
9, 965 
2,643 
1,730 
267 
17, 335 
26, 835 
7, 896 
3, 932 
764 
118 
16,830 
. Wyoming State Soil � nd Wate
r Conservation Needs 
Committee w omin Conservation Needs Invento r (Gasper, 
Wyoming: 
'
soil Conservation Service , 1970 ,  pp, 3 9 -87. 
18 
19 
propor t i ons obtained from a report of Wyoming conservation 
needs.2 The class porportions for Sher idan County were 
applied to S t udy Area 2, Combined we ighted class propor­
tions for Johnson arid Sher idan Counties were �pplied to 
Study Area 3 s ince a portion of this study area is in 
Sher idan County. Sher idan County pasture propor tions were 
used for Study Area 3 because no pasture data.were available 
for Johnson County. Campbell and Crook County acreages 
were combined to determine the proportions for Study Area 1. 
Hay and pasture rotation acreage was substituted for· pasture 
acreage for all study areas. 
CONSUMPTIVE USE OF IRRIGATION WATER 
Table 9 shows the estimated annual consumptive use of 
irr igation water by r iver basin and by study area , while 
Table 10 shows the ideal annual consumpt ive use of irr iga� 
3 tion water by crop in acre-feet per acre. The figures in 
these two tables were combined to determine the estimated 
annual consumptive use of irr igation water by crop and study 
2
wyoming State Soil and Water Conservation Needs Com­
mittee, Wyom ing Cons ervation.Needs Inventory (Casper, Wyom ing: 
Soil Conserv at i on Service, 1970), PP· 39-87. 
3The ideal cons umptive:use
. figures for Study Area 1 are 
averages of Gillette, Colony, and Sundanca Weather Bureau Sta­
tion figures. The figures f�r ·Study Ar�a 2 are those of the 
Sheridan weather Bureau Station, The figures for Study Area 
3 are averages of Arvada, Buffalo , and Kaycee Weather Bureau 
Station figures. 
Table 9 
Estimated Annual Consumptive Use 
of Irrigation· Water by 
River Basin and 
Study Area 
20 
River Basin Acre-Feet of Water 
Little Powder River 
Little M issouri River 
Belle Fourche River 
Total for Study Area 1 
Tongue R iver 
Total for S tudy Area 2 
Clear Creek 
Cra zy Woman Creek 
Powder River 
Total for Study Area 3 
Total for All River Basins: 
Source: 
8 50 
2, 27 0 
2, 920 
6, 0 4 0 
7 7 '38 0 . 
77, 380 
37, 110 
9, 19 0 
21, 24 0 . 
67, 540 
150, 960 
. Wyoming State Engineer's O�fice, Water a�d Related 
Land Resources o f  Northeastern Wyoming, Wyom i ng Water Plann ing 
Report No. 10 (Cheyenne , Wyoming , 1972), p. 111, 
Crop 
Alfalfa 
Hay 
Oats 
Pasture 
Barley 
Sugar Beets 
Table 10 
Ideal Annual Corisumptive Use 
of Irr igation Water 
By Cropl 
.. . .. . . .. 
.. �. .. .. .. ., :. :, :. :. :. :_. � :. :. . . . .. . • ...... . ; . . . 
· study :Ar·ea. · 1 · "Study
.
Area· 2 
1. 7344 1. 7467 
1 .  5883 1. 6108 
• 9572 . • 9592 
1. 5883 1 .  6108 
.9592 
1.3700 
Study Area 3 
1.8358 
1. 6986 
1. 0358 
1. 6986 
1. 0358 
1..3933 
lrhe ideal amounts of water are c6ns idered to 
refer to the irr igat ion water, exclusive of precipitat ion, 
stored so il moisture, or ground water that is required 
· 
consumptively for max imum crop producti on. 
Source: 
Un i vers ity of Wyoming, Water Resources Research 
Institute, Consumpt ive Use of I rrigation Water in Wyoming , 
Wyoming Water Plan Report No. 5, Water Resource Ser ies 19 
( Laram ie, Wyomi ng, 1970), pp. 2 3 - 79. 
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area, shown in Table 11, Th� actual consumptive use of 
water by crop in term� of ac�e�feet per acre was assumed to 
be distribut ed among crop� on the basis of t he ideal use of 
water by crop. As an example of how Tables 9 and 10 were 
combined, for Study Area 1, 1.7 344 (the alfalfa ideal acre­
feet of wat er per acre from Table 10) mult iplied times 4 , 9 7 2 
acres (the estimat ed irrigated acres of alfalfa in Study 
Area 1 from Table 7 )  yields 8, 623 ideal acre-feet of water 
22 
for alfalfa. Dividing the 8, 623 acre-feet by 19, 830 (the total 
ideal acre-feet of water for t he study area comput ed from Tables 
7 and 10) yields t he proportion . 4348. Mult iplying this pro-
portion times 6, 040 (the estimated acre- feet of irrigat ion 
water consumed in the study area from Table 9) yields 2626 acre-
feet of wa ter , the est imated consumpt ive use for alfalfa in 
Study Area 1. Finally , the .5282 acre-feet of wat er per acre 
for alfalfa (shown in Table 11) is found by dividing 497 2 acres 
into 2626 acre-feet of water. 
MARGINAL VALUE PRODUCT SCHEDULES 
The marginal value product schedules shown in Tables 12 
through 1 4  were adapted from a t hesis by James Owens of the 
Universit y of Wyoming.
4 Owens developed schedules for 
4James Owens , ''Irr igat ion Wate� Values in Po�tions of. 
Wyoming's Tongue and Powder River Ba�1ns: A B�dgeti�g �n� 
Linea� Programm ing Analysis'' (unpublished t hesis , University 
of Wyoming , 1971) , pp. 78�100. 
Crop 
Alfalfa . 
Hay 
Oats 
Pasture 
Barley 
Sugar Beet s 
Source : 
Table 11 
Estimated Annual Consumptive 
Use of Irrigation Wat er 
· By Crop and 
Study Area 
. . . . . . . . . . . . . . . .  . .  . .  . .  . .  . . . . 
A�re�F��t ·6£ Wat�r Pe� Acre 
· Study Ar_�a i · · Study Area 2· Study Area 3 
t 5282 1.4336 1. 2876 
.4836 1.3224 1.1915 
. 2915 .7847 .7266 
.4838 1.3217 1.1915 
.7827 .7251 
1.0011 . 9746 
Derived from Tables 9 and 10. 
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Alfalfa 
Class 1 -2 Land 
Class 3-4 Land 
Hay 
Class 1-2 Land 
Class 3-4 Land 
Oats 
Class 1-2 Land 
Class 3-4 Land 
Pasture 
Class 3-4 Land 
Class 6 Land 
Source: 
Table 12 
Marginal Value Product 
Schedule - Study 
Area 1 
.. 
. .• -� 
·
: .. .. ;. �: :. :. :. :. .. .. :. 
. � � . .. � " :. : : . . . . . . . 
Marginal Value Product 
Per Acre- Foot of Water 
(in . dollars) 
. . . . 
3.00 
8. 98 
3 . 42 
3.40 
1 5.02 
11. 59 
. 59 
1. 79 
Water Level- ­
Acre-Feet of 
Water per Acre 
From To 
.5282 0 
.5282 0 
.4836 0 
.4836 0 
.2915 0 
. 2915 0 
.4838 0 
.4838 0 
"Irrigation Water Values in Der ived from James Owens , 
Portions of Wyom ing ' s Tongue and Powder River Bas ins: A Bud-
geting and Linear Programm ing Analy s is" ( unpublished thes is ,  
University of Wyoming 1 1971) 1 pp. 78�100, 
Alf al fa 
·c1 ass 1 -2 Land 
Class 1 -2 Land 
Class 3-4 Land 
Class 3-4 Land 
Hay 
Class 1-2 Land 
Class 3 - 4 Land 
Class 3-4 Land 
Oats 
Class 1 -2 Land 
Class 3-4 Land 
Barley 
Class 1-2 Land 
Class 3-4 Land 
Sugar Beets 
Class 1 -2 Land 
Class 3-4 Land 
Pasture 
Class 1 -2 Land 
Class 3-4 Land 
Class 6 Land 
Source: 
Table 1 3  · 
Marginal Value Product 
Schedule - Study 
Area 2 
Marginal Value Product 
Per· Acre-Foot of Water 
(in dollars) . . . . . . . . . . .  . . . . . . 
7. 0 1  
29.59 
6.98 
1 8.09 
1 2.43 
-3.20 
3.20 
15. 02 
1 1.59 
1 8 .96 
14.02 
1 8.96 
1 4.02 
1 3.20 
19.1 7 
7.22 
25 
Water Level-­
Acre-Feet of 
Water per Acre 
From To 
1.4336 .1. 1510 
1. 1 5 1 0 0 
1.4336 1 �1 s10 
1 . 1 510 0 
1 .3224 0 
1 .3224 1 . 1 550 
1 .1 550 0 
.78 47 0 
.7 847 0 
.7827 0 
.7827 0 
1 . 1 011 0 
1 . 1 011 0 
1.32 1 7 0 
1. 32 1 7  0 
1 .32 1 7 0 
Derived from James Owens, "Irrigation Water Values 
in Portions of Wyoming's Tong�e and Pow�e� River B�sins: A 
Budgeting and Linear Programming Analysis (unpublished 
thesis, University of Wyoming, 197 1 ) ,  .pp. 78-1
0 0 . . 
Alf al fa 
Hay 
Class 1-2 Land 
Class 1-2 Land 
Class 3-4 Land 
Class 3-4 Land 
Class 1-2 Land 
Class 3-4 Land 
Oats 
Class 1-2 Land 
Class 3-4 Land 
Class 6 Land 
Barley 
Class 1-2 Land 
Class 3-4 Land 
Class 6 Land 
Sugar Beets 
Class 1-2 Land 
Class 3-4 Land 
Class 6 Land 
Pasture 
Class 1-2 Land 
Class 3-4 Land 
Class 6 Land 
Source: 
Table 14 
Marginal Value Product 
Schedule - Study 
Area 3 
26 
...  . . . . . . . .  . . . . . . . - .. .. .. . .. ... . .  . .. .. . .  . . . . : : . ;. ,. •' � ·: -· ... -� ·: .. .. .. .. � .. . . 
Marginal Value Product 
Per Acre-Foot of Water 
- (in dollars) . ' .  . . .  .  .. 
6.98 
24.22 
6.98 
12.55 
35. 55 
29. 99 
14. 73 
1 1 .36 
3.28 
18. 59 
13. 75 
6.97 
18.59 
13. 59 
6,. 97 
10. 25 
17. 90 
7.70 
Water Level-­
Acre-Feet of 
Water per Acre 
From To 
1 .2876 1 . 1820 
1 .1820 0 
1.2876 1. 1820 
1.1820 0 
1 . 1 915 0 
1. 1915 0 
.7266 0 
.7266 0 
.7266 0 
.7251 0 
.7251 0 
. 7251 0 
. 97 46 0 
. 974 6 0 
. 97 46 0 
1 .1 9 1 5  0 
1 . 1 9 1 5  0 
1 .1915 0 
Derived from James Owens, "Irrigation Water Values 
in Portions of Wyoming's Tong�e and Pow�e� River B�sins: A 
Budgeting and Linear Programming Analysis (unpublished 
thesis, University of Wyoming, 1971 ) , PP· 78- 1 00. 
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the Tongue, Clear Cre�k, and Powd�r· River Basins, showing 
changes in water use levels and resultant ch�nges in returns 
to land arid water for five different crops �� alfalfa, hay, 
pasture, oats, and barlef, . Each �rop is considered to use 
the same water levels for all land capability classes. For 
this paper, o·wens' five-year average (1965-1969) values were 
converted to marginal values resulting from changes in acre­
feet rather than fractions of acre-feet of water. 
Since marginai values for Study Area 1 were not esti­
mated by Owens, the study area crop consumptive use water 
levels were fitted into the marginal value schedules for the 
Tongue, Clear Creek, and Powder River Basins, and the highest 
values for each crop at the appropriate water level were used. 
Clear Creek values were used for hay and alfalfa, Powder 
River values for pasture, and Tongue River values for oats. 
For Study Area 2 ,  the marginal values in the schedules 
for the Tongue River were used. The marginal values for oats 
were also used for sugar beets. 
For Study Area 3, Clear Creek values were used for hay, 
pasture, oats, and beets. Powder River values were used for 
pasture. Clear Creek values for barley were also used for 
sugar beets. In all cases the highest values for each crop 
were used. 
In most cases, the marginal value products are consider-
ed to be the same from zero to present consumptive water use 
levels since the present levels iridicate the highest marginal 
28 
values attainable. Alfalfa in Study Areas 2 and 3 has two 
marginal values per land capa b il ity class and has incremental 
water use level changes due to highest marginal values coming 
at water use levels
· 
lower than present use levels, Hay in 
Study Area 2 has two marginal values for capabili ty class 3-4 
and incremental water use- level changes, again due to the 
highest marginal value coming at a water use level lower than 
present use level. 
The "From" and "To" sub-headings under the water level 
columns of the tables indicate the beginning and ending water 
levels for which the marginal values apply. For example, 
Table 12, Alfalfa, Class 1- 2 land shows a marginal value pro-
, 
duct per acre-foot of water of $3.00. The $3.00 figure applies 
at all water levels from . 5282 down to zero acre-feet of water 
per acre. In this case, the . 5282 acre-feet indicates the 
highest marginal value attainable for that crop and class, 
and the marginal value is assumed to remain at the same level 
even though the water level may change. 
Cha.pter 3 
OPPORTUNITY COSTS OF 
WATE R DIVE RSION 
Given the annual consumptive use of water by crop per 
acre, shown in Table 11, a�d the marginal value product sched­
ules in Tables 1 2  through 14, it is possible to estimate the 
opportunity costs in terms of foregone output (in dollars) of 
· diverting water from agricultural to another use. The oppor­
tunity costs can be computed for various quantities of water 
diverted. 
WATER·AVAILABILITY AND 
COST DATA 
Table 1 5  indicates the estimated annual opportunity 
costs of diverting incremental amounts of water from agri­
cultural to some other use. The marginal value products were 
taken from Tables 12 through 14 and placed in ascending order. 
The incremental amounts of water were determined by multiply­
ing the acre-feet of water per-acre consumed (i. e., the dif-
ference between the "From" and "To" water levels shown in 
Tables 12 through 14) times the number of irrigated acres for 
the appropriate crop and capability class (from Table 8 ) . The · 
incremental opportunity costs were determi.n�d by multiplying 
the incremental amounts of water times the marginal value pro­
du�ts. The cumulative opportunity costs per acre-feet of 
29 
MVP in 
Dollars Per 
Acre-Foot 
of Water 
-3. 20 
. 59 
1. 79 
3. 00 
3. 20 
3. 28 
3. 40 
3. 42 
6. 97 
6. 98 
7. 01 . 
7. 22 
Water 
(Acre Feet) 
Table 15 _ 
Estimated Water Availability · 
and Cost Data 
Opportunity Cost 
In Dollars 
Incremental Cumulative Incremental Cumulative 
264 264 
1, 779 2,043 1,049. 61 1, 049. 61 
593 2, 636 1, 061. 47 2 , 111. 08 
361 2, 997 1,083. 00 3, 194. 08 
1,818 4, 815 5,817. 60 9,011.68 
2, 157 6, 972 7, 074. 96 16, 086. 64 
780 7 '752 2,562. 00 21, 390.64 
125 7 ,877 4 27. 50 21, 818. 14 
506 8,383 3, 526. 82 25, 344. 96 
4, 004 12, 387 27, 947. 92 53, 292. 88 
6, 236 18,623 43, 714. 36 97 '007. 24 
2, 474 21, 097 17,862. 28 114,869. 52 
Cumulative Opportunity 
Cost in Dollars Per 
Acre-Foot of Water 
• 51 
. 80 
1. 06 
1. 87 
2. 30 
2. 7 5 
2. 76 
3. 02 
4. 30 
5. 20 
5.44 � 0 
Table 15 (continued) 
MVP in Water Opportw1i ty Cost 
Dollars Per (Acre Feet) In Dollars Cumulative Opportunity 
Acre-Foot Cost in Dollars Per 
of Water Incremental Cumulative Incremental Cumulative .. Acre-Foot of Water 
7.70 2, 165 23, 262 16, 670.50 131, 540.12 5.65 
8. 98 2, 265 25, 527 20, 339.70 151, 879.72 5.94 
10.25 12,894 38, 421 132, 163.50 284, 043. 22 7.39 
11.36 188 38, 609 2, 135.68 286, 178.90 7.41 
11.59 365 38, 974 4, 230 . 35 290, 409.25 7.45 
12.43 11,096 50,070 137, 923.28 428, 332.53 8.55 
12.55 7 '772 57 ,842 97, 538.60 525,871.13 9.09 
13.20 14, 732· 72, 574 194,462.40 720,333.53 9.92 
13.75 44 72, 618 605.00 720, 938.53 9.92 
14. 02 . 203 72, 821 2,846.06 723,784.59 9.93 
14.73 512 73,333 7'  541. 76 731,326.35 9.97 
15.02 1,846 75, 179 27 '726. 92 759,053.27 10.09 
17.90 4, 994 80, 173 83, 932.60 842, 985.87 10.51 
Vf 
18.09 . 4, 765 84, 938 86, 198. 85 929, 184.72 10. 93 
� 
MVP in 
Dollars Per 
Acre-Foot 
of Water 
18. 59 
18.96 
19.17 
24.22 
29.59 
29.99 
35.55 
Table 15 (continued) 
Water Opportunity Cost 
(Acre Feet) In Dollars 
Incremental Cumulative Incremental Cumulative· 
119 85, 057 2,212.21 931,396.93 
1,445 86,502 27,397.20 958 '794 .13 . 
S, 706 92,208 109,384.02 . 1,068,178.15 
23,947 116,155 579,996.3 4 1,648,174.49 
25, 397 141,552 7 51,497. 23 2,399,671. 72 
2,306 143,858 69,156.94 2,468,828.66 
7,102 150,960 252,476.10 2,721,304.76 
Cumulative Opportunity 
Cost in Dollars Per 
Acre-Foot of Water 
10.95 
11.08 
11. 58 
14.18 
16.95 
17.16 
18.02 
� N 
water are simply the cumulative opportunity costs divided by 
the cumulative amounts of water. 
As an example of the.�bove explanation, take the mar-
. iinal value product 6f $7.01, which can also be located in 
Table 13, Alfalfa, Class 1�2 land. The difference between 
the "From" (1�4336) and "To" (1.1510) water levels is . 2826 
acre-feet of water per acre. This amount mult�plied times 
22, 065 acres (the irrigated acreage of Class 1-2 alfalfa in 
33 
· Study Area. 2 from Table 8) yields the incremental water 
amount of 6, 236 acre-feet. This amount multiplied times the 
marginal value product of $7. 01 yields $43, 714. 36, the in­
cremental opportunity cost. 
It should be noted that the opportunity costs are 
estimates only of the annual dollar costs or losses to 
agriculture due to lower crop yields when irrigation water 
is reduced or taken away. These costs do not include any 
secondary economic losses resulting from a reduction of 
agricultural output. This paper assumes that the marginal 
value products can be considered reasonable price estimates, 
i.e. , the amounts that must be offered to ranchers and farmers 
to induce them to sell their water rights. 
The marginal value product at any water -level can be 
considered the price per acre- foot for all water up to and 
including that water level. Under a competitive pricing sys­
tem, all sellers of water rights would probably demand the 
h�ghest price offered within all study areas regardless of 
�4 
i nd ividual opportunity costs. However , care should be taken 
not to confuse the marginal values or prices with th� total 
costs of diverting water . The· ma!gi nal values are only costs 
of acquir ing water from agriculture in terms o f  consumptive 
use and do not include any additional costs such as storage 
and transportation. 
WATER TRANSPORTATION 
TO S TUDY AREA 1 
As indicated in Table 2, industrial water requirements 
in 198 0  are proj ected at 79, 0 0 0  acre - feet, the maj ority o f  
which will be required in Study Area 1. Based upon the margin-
al val ue product schedules, most of the water, if diversion 
were used, would have to be transported into Study Area 1. 
Approximately 4 0, 00 0  acre-feet would come from the Tongue 
River Basin (Study Area 2) , 32, 90 0  from the Clear Creek, 
Crazy Woman Creek, and Powder River Basins (Study Area 3 ) , 
and 6, 000 from the Belle Fourche, Little Powder, and Little 
Missouri River Basins (Study Area 1) . Any requirements above 
the 1980 proj ection would have to come from Study Areas 2 and 
3, as the entire available supply from agriculture in Study 
Area 1 would have already been used. 
Chapter 4 
CONCLUSION 
The opportunity co st of diverting some 1 50 , 000 acre ­
feet of water from agricultural to industrial use in North ­
eastern Wyoming has been estimated at a little less than three 
million dollars per year . The reader s hould remember that 
this figure is only an estimate and is probably not a com ­
pletely accurate valuation of irrigation water in the study 
areas. Most of the figures used to estimate the opportunity 
costs are ·themselves estimates. Opponents of divert i ng water 
from agriculture may well be correct in arguing that the water 
is worth more than three m illion dollars . However, it should 
be pointed out that the marginal values for Study Area 1 are 
pos sibly too hig h , due to the use of the highest values from 
Study Areas 2 and 3 for Study Area 1 .  Also, some of the mar ­
ginal values fo r Study Area 3 may be high due to combining 
the Clear Creek and Tongue River Basins. 
As indicated in Chapter 1 of this paper, the average 
unused, unappropriated water supply for the three study areas 
is approximately 160 , 000 acre -feet per· year. However, the 
reader -s hould not confuse consumptive use with efficiency use 
of water. In the context of water diversion, efficiency refers . · 
to the amount of water or the percentage of· water lost as a 
result of diversion, i . e . , loss from · evaporation, run-off, etc. 
35 
There has been little or no effort made to de-termine irri ­
gation diver sion efficiencies in Northeastern Wyoming � but 
36 
it is apparent that the commonl y used flood irrigat ion methods 
are inefficient in many parts of the area . 1 Assuming a water 
efficiency use of 50 percent, agriculture is using approxi­
mately 3 00, 000 acre - feet of water per year in order to con­
sumptively use 150, 000 acre -feet . Using the same percentage 
for diversion of the unused, unappropriated water supply, 
some 80, 000 acre-feet of water is available to meet the 1980 
proj ected industrial requirements of 79, 000 acre-feet. How-
ever, to meet the industrial requirements of the year 2000 
(240, 000 acre-feet) , all of the unused, unappropriated water 
plus all of the water presently used for irrigation may be 
needed. 
Perhaps the diversion of all irrigation water to 
industrial use might be unnecessary. Due to technological 
changes, what will industrial water requirements be in 2000 ? 
Also, industry may be capable of diverting water more effici­
ently than agriculture, and in effect require less water than 
is proj ected. The author of this .paper feels that considera­
tion should at least be given ·to diverting some irrigation 
water for industrial purposes. Even though the opportunity 
cost estimates indicate that the costs to agriculture would 
1wyoming State Engineer ' � Office,· Water ·and Relat ed 
Land Re5ources of Wyoming , Wyoming Water Planning Program 
Report No. 10 ( C heyenne, Wyoming, 1972) � P ·  107. 
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be high � the costs of water diversions from ot her areas 
appear to be much higher , Cost estimates for water diversion 
proj ects both within and to· the" s tu�y area s ind i cate that a 
maj or portion of th� cos t s  i s  in transportat ion . The estimates 
also ind i cate that the further· water is transported , the higher 
i s  the cost. 2 Thus , by us ing some irrigation water, possibly· 
such diversions from other areas might not be neces s ary. If 
so, the loss to agricultur� ,  in the author ' s opinion , would 
more than be offset by the savings to industry and ultimately 
to the consumers of energy and energy sourc e s. 
2 Ibid . , pp. 16 3-175. 
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